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METHOD FOR PRODUCING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and an appa 

ratus for producing a semiconductor device Which is capable 
of obtaining a crystalline silicon ?lm high in uniformity by 
improving the ?atness of a glass substrate during producing 
an insulated gate semiconductor device such as a thin ?lm 
transistor (TFT) formed using a non-single crystal silicon 
?lm Which is formed on the substrate, or other semiconduc 
tor devices. In particularly, the present invention is useful in 
producing a semiconductor device formed on the glass 
substrate. 

2. Description of the Related Art 
In recent years, several researches have been made into 

insulated gate ?eld effect transistors having a thin ?lm 
shaped active layer (so-called active region) on an insulated 
substrate, Which are so-called TFT). 

Those TFTs are classi?ed, for example, into an amor 
phous silicon TFT and a crystalline silicon TFT, depending 
upon the material or the crystal state of a semiconductor as 
used. The crystalline silicon stated here is directed to non 
single crystal silicon Which is not single crystal. Hence, 
those TFTs are generally called “non-single crystal silicon 
TFTs”. 

In general, the electric ?eld mobility of a semiconductor 
Which is in an amorphous state is small, and therefore not 
available to the TFTs that require a high speed operation. 
Also, the amorphous silicon cannot be used to produce a 
p-channel TFT (PMOS TFT) since the p-type electric ?eld 
mobility of the amorphous silicon is remarkably small, and 
thus a complementary MOS circuit (CMOS) cannot be 
formed by the combination of the p-channel TFT and an 
n-channel TFT (NMOS TFT). 

The crystalline semiconductor is larger in the electric ?eld 
mobility than the amorphous semiconductor, and therefore 
enables a high speed operation. The crystalline silicon can 
be used for obtaining not only the NMOS TFT but also the 
PMOS TFT, thereby forming a CMOS circuit. 
A crystalline silicon ?lm is obtained by thermally cooling 

an amorphous silicon ?lm obtained through the vapor phase 
groWth technique at an appropriate temperature (600° C. or 
higher) for a long period of time, or by irradiating an intense 
light such as a laser beam (optically annealing). 

HoWever, in the event of using a glass substrate Which is 
inexpensive and rich in processability as an insulating 
substrate, it is extremely dif?cult to obtain, by only 
annealing, a crystalline silicon ?lm Which is satisfactorily 
high in electric ?eld mobility (high to the degree that the 
CMOS circuit can be formed). 

This is because the above glass substrate is generally loW 
in strain point (about 600° C.), and thus When the tempera 
ture of the substrate is elevated up to a temperature required 
for obtaining a crystalline silicon ?lm sufficiently high in 
mobility, the substrate is Warped. 

In the event of applying the optically annealing technique 
for crystalliZing a silicon ?lm formed on the glass substrate, 
a high energy can be applied only to the silicon ?lm Without 
elevating the temperature of the substrate so much. Hence, 
the optically annealing technique is very effective in crys 
talliZing the silicon ?lm formed on the glass substrate. 

It has been found that a high poWer pulse laser such as an 
excimer laser is the most suitable for the optimum light 
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2 
source for optically annealing. The maximum energy of the 
laser is extremely larger than that of the continuously 
oscillating laser such as an argon ion laser, and the mass 
productivity could be enhanced using a large spot Which is 
several cm2 or more in siZe. 

HoWever, because the beam as normally used is square or 
rectangular in shape, the beam is required to move vertically 
and horiZontally for processing a single substrate having a 
large area. Thus, the optically annealing technique needed to 
be still improved from the vieWpoint of the productivity. 

The above matter could be remarkably improved With a 
technique in Which the beam is deformed linearly, the Width 
of the beam is a length that exceeds that of a substrate to be 
processed, and the substrate is scanned relatively by the 
beam (The scanning operation in the speci?cation means 
that linear laser beams are irradiated onto the substrate While 
being overlapped one on another bit by bit.). The details are 
disclosed in Japanese Patent Unexamined Publication No. 
5-112355. 
The silicon ?lm Which is still high in crystallinity can be 

prepared by conducting the thermally annealing process 
prior to conducting the optically annealing process. In the 
thermally annealing process as described in Japanese Patent 
Unexamined Publication No. 6-244204, utiliZing the effect 
that an element such as nickel, iron, cobalt, platinum, 
paradium (hereinafter referred to as “crystallized catalytic 
element, or simply “catalytic element”) promotes the crys 
talliZation of amorphous silicon, the crystalline silicon ?lm 
can be obtained by the thermally annealing process at a 
loWer temperature for a shorter period of time in comparison 
With the normal case. 

TFTs arranged in the form of a matrix are formed With a 
crystalline silicon ?lm formed using the thermally annealing 
process and the optically annealing process together, and the 
distribution of their threshold voltage in the substrate surface 
is investigated. 

FIG. 2 shoWs the distribution of the threshold values of 
the TFT using the crystalline silicon ?lm formed through the 
conventional method, Within the substrate surface. The 
distribution is U-shaped as shoWn in FIG. 2. 

FIG. 4 shoWs the arrangement of TFTs on the glass 
substrate. The data in FIG. 2 is obtained, as shoWn in FIG. 
4, in such a manner that the TFTs of 400x300 pieces are 
arranged in the form of a matrix in a region of 40x50 mm 
on a Corning 1737 substrate of 100 mm2, and the respective 
locations of 400 TFTs disposed laterally in a line from one 
end to the other end (a portion surrounded by a dotted line 
in FIG. 4) are indicated correspondingly in the axis of 
abscissa. 
When the pixel matrix that constitutes the pixel portion of 

a liquid crystal display has the distribution of threshold 
voltages shoWn in FIG. 2, the display state becomes 
nonuniform, resulting in a defective image. 
As a result of researching the cause that the threshold 

voltage exhibits such a U-shaped distribution Within the 
substrate surface by the applicant, it has been found that a 
tendency of the U-shaped distribution is very similar to the 
Warp of the substrate immediately before a laser beam is 
irradiated onto the substrate. 

Also, no Warp of the substrate is found in the glass 
substrate immediately after an amorphous silicon ?lm is 
formed on the glass substrate, and it has been found that the 
Warp of the substrate is caused because, during a heat 
treatment (by Which the ?lm groWs in the solid phase into a 
crystalliZed ?lm) subsequent to the amorphous silicon ?lm 
forming process, a silicon ?lm (or silicon oxide ?lm) is 
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contracted higher than that of the glass substrate in cooling 
the substrate after the heat treatment. The Warp of the 
substrate is produced in a U-shape vieWed from the ?lm 
formed on the substrate. 

FIG. 3 shoWs a state in Which a laser annealing is 
conducted on the silicon ?lm formed on the substrate Which 
has been Warped. From FIG. 3, When the laser annealing is 
conducted on the silicon ?lm in such a state Where the 
substrate is Warped, the focal point of the laser beam is 
shifted differently at the respective locations on the sub 
strate. 

It is presumed that the shift of the focal point makes the 
crystallinity of the silicon ?lm different from each other 
Within the substrate surface, so that the threshold voltage 
exhibits a speci?ed distribution Within the substrate surface. 

The Warp of the substrate immediately before a laser 
beam is irradiated onto the substrate having 100 mm square 
is different by about 50 pm betWeen the central portion and 
the edge portion of the substrate. The degree of the Warp fell 
Within a range of about 20 to 200 pm although it depends 
upon the temperature of the above heat treatment process, a 
time necessary for processing, the material of the substrate, 
or the like. There is a case in Which When the siZe of the 
substrate is about 500 mm square, its Warp becomes about 
1 to 2 mm. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the above 
circumstances, and therefore an object of the present inven 
tion is to enhance the ?atness of a substrate after the heating 
process and the annealing process have been conducted on 
the substrate on Which a ?lm is formed. 

Another object of the present invention is to provide a 
method of producing a crystalline silicon ?lm formed on a 
glass substrate and having a uniform crystallinity Within a 
substrate surface. Another object of the present invention is 
to provide a method of producing a plurality of crystalline 
silicon TFTs formed on a glass substrate and having a 
uniform threshold voltage Within a substrate surface. 
Another object of the present invention is to provide a 
method of producing, in a process of crystalliZing a silicon 
?lm on a glass substrate, in particular, having a thermally 
annealing process and a laser annealing process subsequent 
to the thermally annealing process, a crystalline silicon TFT 
having a uniform crystallinity Within a substrate surface and 
also uniform threshold voltage Within the substrate surface 
using the silicon ?lm. 

In order to solve the above problems, the present inven 
tion is achieved by a method of producing a semiconductor, 
including the steps of forming an amorphous silicon ?lm on 
a glass substrate or on a silicon oxide ?lm formed on the 

glass substrate, ?attening the glass substrate at a temperature 
equal to or higher than a strain point of the glass substrate 
and equal to or loWer than a softening point thereof, and 
conducting a laser annealing process on the silicon ?lm. 

Also, the present invention is achieved by a method of 
producing a semiconductor, including the steps of forming 
an amorphous silicon ?lm on a glass substrate or on a silicon 

oxide ?lm formed on the glass substrate, ?attening the glass 
substrate at a temperature equal to or higher than a strain 
point of the glass substrate and equal to or loWer than a 
softening point thereof and crystalliZing the amorphous 
silicon ?lm, and conducting a laser annealing process on the 
silicon ?lm Which has been crystalliZed through the above 
process. 

The present invention is achieved by a method of pro 
ducing a semiconductor device, including a step of forming 
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4 
a plurality of thin ?lm transistors (TFTs) having the silicon 
?lm produced by the above semiconductor producing 
method as an active layer. 

As described above, in the process of producing a TFT 
formed on the glass substrate, the glass substrate is Warped 
and deformed after the step of thermally annealing the 
amorphous silicon ?lm on the glass substrate. 
Upon irradiating a laser beam onto the substrate thus 

deformed, the effect of irradiation of the laser beam is 
different at the respective locations of the substrate. 

Therefore, a laser beam is irradiated onto the substrate 
after the substrate is processed into an extreme ?at state prior 
to the laser irradiating step. 
The present invention has been made by irradiating a laser 

beam onto the substrate after the substrate before being 
subjected to the laser irradiating step is subjected to a 
thermal treatment into an extreme ?at state. 

The glass substrate on Which the amorphous silicon ?lm 
has been formed is thermally annealed at a temperature 
equal to or higher than the strain point (593° C.) but equal 
to or loWer than the softening point (844° C.) of the material 
of the glass substrate (for example, Corning 7059), for 
example, at 640° C. for about four hours. Thus, in the event 
of subjecting the substrate to the heat treatment in advance, 
the effective method is that the substrate is held at a 
temperature equal to or higher than the strain point of the 
glass as used and equal to or loWer than the softening point 
thereof for several hours, and thereafter the substrate is 
cooled, from the vieWpoint of the applicant’s experiment. (It 
is dif?cult to ?atten the substrate because it is so hard When 
the temperature is less than the strain point. The substrate is 
softened to the degree that the thickness of the substrate is 
changed When the temperature is higher than the softening 
point.) 

The temperature Within the temperature range, preferably 
a temperature close to an annealing point (639° C.) is most 
preferable in ?attening the substrate. 

In this case, the glass substrate is located on a base having 
a surface Which has been ?attened With high accuracy 
(preferably the roughness and Waviness of the surface is 5 
pm or less). 

The glass substrate Which is thermally annealed under the 
above condition is extremely loWer in viscosity than that in 
the state of a room temperature, and the glass substrate is 
brought in close contact With the above base Which is 
?attened With high accuracy by self-Weight. 
With cooling from the close contact state, the glass 

substrate is solidi?ed While keeping that state. The glass 
substrate is ?attened With high accuracy. 

Also, the amorphous silicon ?lm formed on the glass 
substrate is thermally annealed simultaneously in the above 
glass substrate ?attening step so that the ?lm groWs in solid 
phase. Hence, the crystalliZation of the silicon ?lm can be 
conducted simultaneously When the glass substrate is ?at 
tened. 
As a result that the applicant investigated the in?uence of 

any steps for forming the TFT on the substrate on the shape 
of the substrate, the deformation of the substrate after the 
step of thermally annealing (including the cooling process) 
the amorphous silicon ?lm has been completed is most 
remarkable, and no remarkable deformation has been found 
in the steps subsequent to the thermally annealing step. 
Hence, if the substrate is processed into a remarkable ?at 
state immediately before the irradiation of a laser beam onto 
the substrate, the substrate after being subjected to all the 
steps can be kept in the ?at state. 
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When a liquid crystal display is formed using the 
substrate, the glass substrate can be ?attened extremely 
excellently, resulting in such an advantage that the cell pair 
can be made readily and surely. 

In general, if the roughness and Waviness of the surface of 
the substrate constituting the liquid crystal display is out of 
5 pm or less, something interferes With the cell pair. Hence, 
it is extremely effective that the roughness and Waviness of 
the ?attened base With high accuracy to be used in the 
present invention, as Well as the roughness and Waviness of 
the surface of the substrate as formed are 5 pm or less. 

Further, in order to solve the above problem, the present 
invention is characteriZed in that a base on Which the glass 
substrate is mounted has a convex curved surface. In other 
Words, the present invention has been achieved by a method 
of producing a semiconductor, characteriZed by crystalliZing 
an amorphous silicon ?lm formed on a ?at glass substrate by 
heating, locating the glass substrate on a base having the 
convex curved surface, heating the glass substrate at a 
temperature close to the strain point of the glass substrate, 
and cooling the glass substrate. 

Also, the present invention has been achieved by a 
method of producing a semiconductor, including the steps of 
crystalliZing an amorphous silicon ?lm formed on a ?at 
glass substrate by heating, locating the glass substrate on a 
base having the convex curved surface, heating the glass 
substrate at a temperature close to the strain point of the 
glass substrate, cooling the glass substrate, and thereafter 
irradiating a laser beam onto the silicon ?lm. 
As described above, in the process of producing the TFT, 

etc., formed on the glass substrate, the glass substrate is 
Warped and deformed after the step of thermally annealing 
the amorphous silicon ?lm on the glass substrate. 
Upon irradiation of a laser beam onto a substrate thus 

Warped and deformed, the focal point of the laser beam is 
different at the respective locations of the substrate, With the 
result that the crystallinity becomes uniform Within the 
substrate surface. 

In vieW of the above, the glass substrate is made in a ?at 
state after the thermally annealing step, and thus a laser 
beam is irradiated onto the substrate, thereby crystalliZing 
the substrate uniformly Within the substrate surface. 

FIGS. 6A to 6C shoW a producing method in accordance 
With the present invention. A glass substrate 601 Which is 
deformed in a convex shape is located on a base 602 (stage) 
having a convex curved surface Which is substantially 
symmetric With the curved surface of the substrate 601 
(deformed in the convex shape) Which has been thermally 
annealed (thermally annealing and cooling) after a silicon 
?lm 600 is formed on the substrate 601. The substrate 601 
is deformed by heating at a temperature close to the strain 
point of the glass substrate so that it is brought in close 
contact With the convex curved surface of the base 602 in 
FIG. 6B. Then, the substrate 601 is cooled. In cooling the 
substrate 601, a silicon ?lm 600 contracts more markedly 
than that of the substrate 601, With the result that the 
substrate 601 changes from the convex curved surface state 
to the ?at state as shoWn in FIG. 6C. 

The present invention is achieved by a method of pro 
ducing a semiconductor, including the steps of locating on a 
base having a convex curved surface a ?at glass substrate on 
Which an amorphous silicon ?lm is formed, heating the glass 
substrate at a temperature close to the strain point of the 
glass substrate, thereafter cooling the glass substrate. 

The present invention is achieved by a method of pro 
ducing a semiconductor, including the steps of locating on a 
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6 
base having a convex curved surface a ?at glass substrate on 
Which an amorphous silicon ?lm is formed, heating the glass 
substrate at a temperature close to the strain point of the 
glass substrate, cooling the glass substrate, and then irradi 
ating a laser beam onto the silicon ?lm. 

FIGS. 7A to 7C shoW a producing method in accordance 
With the present invention. In crystalliZing an amorphous 
silicon ?lm 700 through the thermally annealing step, a glass 
substrate 701 is mounted on a convex curved surface type 
base 702 (stage) as shoWn in FIG. 7A, and the substrate is 
so heated as to be deformed into a convex curved surface 

type. 
Then, the glass substrate 701 is deformed along the 

convex surface of the base 702 because of the loWering of 
the viscosity due to heating and the self-Weight. Keeping this 
state, the substrate is heated, and then cooled after the 
completion of the heat treatment. 

In this state, the silicon ?lm 700 contracts more sharply 
than that of the glass substrate 701, and the glass substrate 
701 returns from the convex curved surface type to the ?at 

state (FIG. 7C). 
In this Way, the ?attening of the glass substrate 701 and 

the crystalliZation of the semiconductor ?lm 700 can be 
conducted simultaneously. 
When the temperature necessary for the above glass 

substrate ?attening process is Within 70 to 115% of the strain 
point of the substrate, the effect of ?attening the substrate is 
obtained. 
When the heating temperature is loWer than 70% of the 

strain point of the substrate, the substrate is not deformed at 
all, or a very long time is required for the deformation of the 
substrate. When the heating temperature is more markedly 
than 115% of the strain point of the substrate, the deforma 
tion of the substrate is remarkable, and thus the shape of the 
substrate is not ?xed after cooling. 

In the case Where the glass substrate is ?attened simul 
taneously When the amorphous silicon ?lm is crystalliZed, it 
is more preferable that the temperature is higher in order to 
enhance the crystallinity. HoWever, it has been recogniZed 
that the crystallinity is suf?ciently improved even Within the 
above temperature range. The temperature range is a value 
in a case of setting an absolute Zero point as a reference. 

FIG. 8 shoWs the producing method in accordance With 
the present invention. A glass substrate 801 on Which a 
silicon ?lm has been formed is located along a base 802 
(stage) having a convex curved surface by pressing the 
edges of the substrate 801 by pushers 803, or the like, and 
the glass substrate 801 is deformed along the convex curved 
surface in a state before heating is conducted. 

It is preferable that the stage 802 is made of quartZ in 
order to prevent the substrate 801 from being tainted. 
The glass substrate 801 is heated While maintaining this 

state, and the silicon ?lm formed on the glass substrate 801 
is subjected to the laser annealing process in this state. 
The heating temperature at this time is the room tempera 

ture to 70% of the strain point of the glass substrate. 
When the heating temperature exceeds 70% of the strain 

point of the glass substrate 801, the glass substrate 801 is 
liable to be thermally deformed, Which makes it dif?cult to 
alloW the substrate 801 to return to the ?at surface after 
cooling. In the case Where the heating temperature is an 
excessively loW temperature, that is, loWer than the room 
temperature, the crystalliZation becomes insuf?cient because 
heat is radiated. 

Then, the substrate is cooled. In cooling the substrate, the 
silicon ?lm contracts more sharply than that of the glass 



5,907,770 
7 

substrate 801, With the result that the glass substrate 801 
returns from the convex curved surface type to the ?at state. 

FIG. 9 shoWs a substrate heating unit. When the substrate 
is heated in a system of FIG. 9, heating can be ef?ciently 
conducted on a substrate 901 having a curved surface. A 
base 903 having a heater 902 is located under the substrate 
901, helium gas is heated by the heater 902, and the helium 
gas thus heated is circulated under the substrate 901 by a 
pump 904, thereby maintaining the substrate 901 to a desired 
temperature. The substrate 901 is ?xed by pushers 905. The 
helium gas is used because the thermal conductivity is high. 

In FIG. 10, a glass substrate 951 on Which a silicon ?lm 
has been formed is pushed on a base 952 (stage) having a 
convex U-shaped curved surface by pushers 953, thereby 
making the glass substrate 951 curve into a convex 
U-shaped curved surface. 

The glass substrate 951 is heated While maintaining this 
state, and the silicon ?lm formed on the glass substrate is 
annealed by a laser beam in this state. 

The heating temperature at this time is the room tempera 
ture to 70% of the strain point of the glass substrate 951. A 
preferable heating method is shoWn in FIG. 9. 
When the heating temperature exceeds 70% of the strain 

point of the glass substrate 951, the glass substrate 951 is 
liable to be thermally deformed, Which makes it dif?cult to 
alloW the substrate 951 to return to the ?at surface after 
cooling. In the case Where the heating temperature is an 
excessively loW temperature, that is, loWer than the room 
temperature, the crystalliZation becomes insuf?cient because 
heat is radiated. 
A laser beam used for laser annealing is processed into a 

linear shape for the purpose of enhancing the ef?ciency of a 
laser processing. 

FIG. 11 shoWs a laser irradiating method. In FIG. 11, the 
height of a base (stage) indicated by a dotted line ?uctuates 
in accordance With the degree of a curvature of the substrate 
960 in such a manner that the focal surface of a laser beam 
is alWays positioned on a surface to be processed. 

Since the degree of the curvature of the substrate 960 is 
found by the shape of the base, the thickness of the substrate, 
etc., in advance, the height of the base is alloWed to ?uctuate 
on the basis of the data, Whereby the focal surface of the 
linear laser beam may be kept constant regardless of the 
degree of curvature of the substrate. Also, an optical system 
is not changed as it is, and under the substantially same 
condition as in the case of using a ?at substrate, the laser 
annealing can be conducted. 

In order to irradiate the linear laser beam onto the curved 
surface Which is curved into a U-shaped type as shoWn in 
FIG. 10, a laser beam is irradiated thereon as shoWn in FIG. 
11, thereby being capable of conducting a uniform laser 
irradiation regardless of the substrate being curved, to thus 
obtain a high processing ef?ciency and a high uniformity of 
laser annealing as in the ?at substrate. 

This is a case Where a linear laser beam is irradiated onto 
the U-shaped curved surface. Also, in the case of conducting 
a laser irradiation on the convex curved surface using a laser 
beam Which is not linear but square, the laser anneal can be 
conducted likeWise. 

The focal point of the laser beam may ?uctuate by not the 
height of the substrate but the adjustment of a lens. 
HoWever, to make the focal point of the laser beam ?uctuate, 
there is a case in Which there is required such an optical 
design that the distribution of energy of the laser beam on the 
surface to be irradiated, the depth of focus thereof, etc., is 
not changed. 
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8 
Then, the substrate is cooled. In cooling the substrate, the 

silicon ?lm contracts more markedly than that of the glass 
substrate, With the result that the glass substrate returns from 
the convex curved surface type to the ?at state, thereby 
obtaining a ?at substrate having a crystalline silicon ?lm. 
As a result that the applicant investigated the in?uence of 

any step for forming the TFT on the substrate on the shape 
of the substrate, the deformation of the substrate before and 
after the step of the heat treatment for crystalliZing the 
silicon ?lm is most remarkable, and no remarkable defor 
mation has been found in the steps subsequent to the heat 
treatment. Hence, if the substrate is processed into a remark 
able ?at state immediately before the irradiation of a laser 
beam onto the substrate, the substrate after being subjected 
to all the steps can be kept in a fairly ?at state. 

The producing method of the present invention provides 
a crystalline silicon ?lm having an extremely uniform crys 
tallinity Within the substrate surface, and also provides a ?at 
substrate. 

In the present invention, the roughness and Waviness of 
the glass substrate can be about 10 pm or less in a substrate 
1.1 mm in thickness and 100 mm><100 mm in siZe. When the 
substrate is about 500 mm in siZe (for example, 370x400 
mm2, 400x500 mm2, 550x650 mm2 in siZe) and about 0.5 
to 0.7 mm in thickness, the degree of the Warp of the 
substrate after thermally crystalliZing and cooling the amor 
phous silicon ?lm may be 1 to 2 mm in difference in level. 
HoWever, the present invention can manufacture the sub 
stantially ?at substrate. 

It should be noted that the convex curved surface and the 
U-shaped curved surface of the base on Which the glass 
substrate is mounted is determined in accordance With the 
siZe, the thickness and the material of the glass substrate, the 
sort and the thickness of the ?lm formed on the substrate, 
and other various conditions. 
As the substrate is increased in area, the degree of 

curvature of the substrate is increased more. Also, it is 
curved tWo-dimensionally. Hence, in case of the glass sub 
strate of about 100 mm><100 mm, the base on Which the 
substrate is mounted may be of the shape having a U-shaped 
convex curved surface Which is curved in only one direction. 
In this case, it is desirable that the convex curved surface of 
the inverse U-shape type of the base has 20 to 200 pm, 
preferably about 50 pm in a difference in level betWeen the 
central portion of a region of the convex curved surface on 
Which the glass substrate is mounted and the loWest portion 
of the edge of that region. 

Also, When the siZe of the substrate is increased to the 
degree of 500 mm square, the glass substrate may be curved 
in tWo directions. Therefore, it is preferable to use the base 
having the convex curved surface such that the sections 
along the tWo directions become the inverse U-shape type. 
In the case of using a large-area glass substrate, it is 
desirable that a difference in level betWeen the central 
portion of a region of the convex curved surface on Which 
the glass substrate is mounted and the loWest portion of the 
edge of that region is about 1 to 2 mm. 
As a result of forming a plurality of TFTs using a 

crystalline silicon ?lm formed in accordance With the pro 
ducing method of the present invention, the distribution of 
the threshold voltage of the TFTs can be made extremely 
uniform Within the substrate surface. This effect is increased 
more as the substrate becomes large in area. 

Also, the crystalline silicon TFTs for pixels and drive are 
disposed on the glass substrate in accordance With the 
present invention, and a liquid crystal display is formed 



5,907,770 
9 

using the substrate. In this case, because the glass substrate 
can be ?attened extremely excellently in accordance With 
the producing method of the present invention, there is 
advantageous in that the cell pair can be made readily and 
surely. In this case, even When there is no crystalliZing step 
due to the laser irradiation after the thermal crystalliZation, 
the effect of the invention to ?atten the substrate is effective. 

The present invention is characteriZed in that, in order to 
correct the Warp of the glass substrate ?atly, the glass 
substrate is sucked on a ?at surface of a stage having the ?at 
surface, the peripheral portion of the glass substrate is 
pressed (pressurized), or the like. Also, the present invention 
is characteriZed in that such a ?attening and correcting 
means is added to the stage of the laser annealing unit. 

According to the present invention, there is provided a 
laser annealing method including the steps of ?attening a 
glass substrate on a stage and mounting the former on the 
latter, and irradiating a linear laser beam on the surface to be 
irradiated on the glass substrate in a scanning manner to 
conduct the laser annealing. 

According to the present invention, there is provided a 
laser annealing method including the steps of crystalliZing 
an amorphous silicon ?lm formed on a glass substrate by 
heating into a crystalline silicon ?lm, ?attening the glass 
substrate on the stage and mounting the former on the latter, 
and irradiating a linear laser beam on the crystalline silicon 
?lm in a scanning manner to conduct the laser annealing. 

According to the present invention, there is provided a 
laser annealing method including the steps of crystalliZing 
an amorphous silicon ?lm formed on a glass substrate by 
heating into a crystalline silicon ?lm, mounting the glass 
substrate on a stage having a ?at surface in such a manner 
that the loWer surface of the glass substrate is in close 
contact With the ?at surface of the stage, and irradiating a 
linear laser beam on the crystalline silicon ?lm in a scanning 
manner to conduct the laser annealing. 

According to the present invention, there is provided a 
laser annealing method including the steps of crystalliZing 
an amorphous silicon ?lm formed on a glass substrate by 
heating into a crystalline silicon ?lm, mounting the glass 
substrate on a stage having a ?at surface in such a manner 
that the loWer surface of the glass substrate is sucked With 
the ?at surface of the stage under vapor, and irradiating a 
linear laser beam on the crystalline silicon ?lm in a scanning 
manner to conduct the laser annealing. 

According to the present invention, there is provided a 
laser annealing method including the steps of crystalliZing 
an amorphous silicon ?lm formed on a glass substrate by 
heating into a crystalline silicon ?lm, mounting the glass 
substrate on a stage having a ?at surface in such a manner 
that the loWer surface of the glass substrate is in close 
contact With the ?at surface of the stage by pressing the 
peripheral portion of the upper surface of the glass substrate, 
and irradiating a linear laser beam on the crystalline silicon 
?lm in a scanning manner to conduct the laser annealing. 

According to the present invention, there is provided a 
laser annealing device including a stage having means for 
?attening and mounting a glass substrate, and means for 
irradiating a linear laser beam onto a surface to be irradiated 
of the glass substrate in a scanning manner. 

According to the present invention, there is provided a 
laser annealing device including a stage having a ?at surface 
on Which a glass substrate is mounted and means for 
contacting the loWer surface of the glass substrate With the 
?at surface thereof, and means for irradiating a linear laser 
beam onto a surface to be irradiated of the glass substrate in 
a scanning manner. 
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According to the present invention, there is provided a 

laser annealing device including a stage having means for 
?attening and mounting a glass substrate having thereon a 
crystalline silicon ?lm Which has been crystalliZed by 
heating, and means for irradiating a linear laser beam on a 
crystalline silicon ?lm on the glass substrate in a scanning 
manner. 

According to the present invention, there is provided a 
laser annealing device including a stage having a ?at surface 
on Which a glass substrate having a crystalline silicon ?lm 
crystalliZed by heating is mounted and means for contacting 
the loWer surface of the glass substrate With the ?at surface 
thereof, and means for irradiating a linear laser beam onto 
the crystalline silicon ?lm in a scanning manner. 

According to the present invention, there is provided a 
laser annealing device including a stage having a ?at surface 
on Which a glass substrate having a crystalline silicon ?lm 
crystalliZed thereon by heating is mounted and means for 
making the loWer surface of the glass substrate suck on the 
?at surface thereof under vapor, and means for irradiating a 
linear laser beam onto the crystalline silicon ?lm in a 
scanning manner. 

According to the present invention, there is provided a 
laser annealing device including a stage having a ?at surface 
on Which a glass substrate having a crystalline silicon ?lm 
crystalliZed thereon by heating is mounted and means for 
pressing the peripheral portion of the upper surface of the 
glass substrate, and means for irradiating a linear laser beam 
onto the crystalline silicon ?lm in a scanning manner. 

According to the present invention, in the above structure, 
the crystalline silicon ?lm may be a ?lm a part of Which 
contains an impurity by ion doping or the like. 

Also, according to the present invention, in the above 
structure, a pulse laser, more preferably an excimer laser 
may be used as a light source of the linear laser beam. 

The present invention is that When the crystalline silicon 
?lm obtained by thermally crystalliZing the amorphous 
silicon ?lm formed on the glass substrate, patterned, 
machined and shaped crystalline silicon ?lm, or those crys 
talline silicon ?lm being added With an impurity is subjected 
to a laser annealing by scanning the linear laser beam, the 
Warp of the glass substrate caused by the thermally anneal 
ing step is annealed on the stage on Which the glass substrate 
is mounted by a laser beam in a forcedly ?attened state. 

In the present invention, the ?attening of the glass sub 
strate is to correct the glass substrate in such a manner that 
some external force is applied to the glass substrate to reduce 
the Warp of the substrate in the state Where the glass 
substrate is located on the stage. 
The ?attening of the glass substrate is conducted to the 

degree that the crystalline silicon ?lm on the glass substrate 
is formed can be uniformly annealed using a linear laser 
beam. 
A difference in level Within the surface of the crystalline 

silicon ?lm on the glass substrate may be reduced so that the 
crystallinity of the crystalline silicon ?lm falls Within a 
range Which uni?es into a required level after the laser 
annealing. 

In the present invention, With the glass substrate being 
mounted ?atly, the linear laser beam is irradiated uniformly 
onto the crystalline silicon ?lm Which is a surface to be 
irradiated Without any displacement of the focal point 
regardless of the glass substrate per se being curved. 
As a result, the crystalline silicon ?lm having the uniform 

crystallinity and mobility With the same quality Within the 
substrate surface can be obtained. 






























